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The antimicrobial activity of several plant extracts obtained from aerial parts of two invasive plants, Hakea sericeae and Hakea salicifolia, was
evaluated against both Gram-positive and Gram-negative bacteria, including resistant strains of Staphylococcus aureus and assayed at different
minimum inhibitory concentrations (MIC), ranging between 3.5 and 500 μg/mL. The twigs' aqueous extract showed the strongest antimicrobial
activity (MIC 7.5–62 μg/mL) against the tested methicilin and vancomycin resistant strains of S. aureus.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.
Keywords: Antimicrobial activity; Hakea salicifolia; Hakea sericeae; MIC determination1. Introduction
Over the last years the incidence of infectious diseases, the
development of antibiotic resistant pathogens and the treatments'
costs, justify the attempts to search for new antimicrobial agents as
well as for compounds that are able to inhibit the mechanisms that
confer resistance to classical drugs. Plants are known to contain a
wide range of compounds that have antimicrobial properties and
there are many taxa that have not yet been evaluated.
Hakea Schrad. & Wendl is a genus of shrubs and small trees
native from South Australia. Some taxa are disseminating very
fast and became invasive species through both non protected and
protected areas of New Zealand, South Africa and Mediterranean
basin (Dyer and Richardson, 1992).Hakea sericeae Schrader and
Hakea salicifolia (Vent.) B.L. Burtt. have been introduced in
Portugal for ornamental purposes and formation of hedgerows,0254-6299/$ -see front matter © 2012 SAAB. Published by Elsevier B.V. All right
doi:10.1016/j.sajb.2012.05.002
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E-mail address: gteixeira@ff.ul.pt (G. Teixeira).especially near the coastline (Espírito-Santo and Arsénio, 1999;
Marchante et al., 2005).
In our study a qualitative comparison is made between
H. sericeae and H. salicifolia extracts and their antimicrobial
activity is evaluated against a selected panel of microorgan-
isms. To our knowledge this is the first evaluation of the
antimicrobial properties of these invasive plants.
2. Materials and methods
2.1. Plant material
The plant material was collected at the Botanical Park of
Tapada da Ajuda, ISA/UTL, in Lisbon. Plants were identified in
the Lisbon Agronomic Institute Herbarium (LISI) where vouchers
are deposited: LISI 312/2004, H. sericeae; LISI 1392/2009,
H. salicifolia. AsH. sericeae is a spiny plant, for handling reasons,
only leaves were considered while in H. salicifolia, leaves, twigs
and fruits were considered separately.s reserved.
Table 1
Phytochemical screening of H. salicifolia and H. sericeae extracts.
Identiﬁcation of extracts' chemical composition
Plant extracts Phenolics Flavonoids Terpenes Alkaloids
H. salicifolia (leaves)
n-hexane + ++ ++ −
CH2Cl2 + ++ + −
AcOEt + + + −
MeOH + ++ − −
H2O ++ + − −
H. salicifolia (twigs)
n-Hexane ++ + +++ −
CH2Cl2 +++ +++ + −
AcOEt + ++ + −
MeOH + + − −
H2O ++ ++ − −
H. salicifolia (fruits)
n-Hexane ++ + + −
CH2Cl2 ++ ++ ++ −
AcOEt + ++ + −
MeOH + + + −
H2O + + − −
H. sericeae (leaves)
n-Hexane + + +++ −
CH2Cl2 + + ++ −
AcOEt +++ ++ + −
MeOH ++ + ++ −
H2O + ++ − −
(−) absent; (+) slight intensity; (++) moderate intensity; and (+++) strong
intensity.
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After it was dried and powdered, the reduced plant material was
sequentially extracted with ascending polarity solvents: n-hexane,
dichloromethane, ethyl acetate, methanol andwater, during 24 h, at
room temperature with occasional shaking. After filtration, the
extracts were concentrated till dryness under reduced pressures at
40–45 °C, and stored at 4 °C until use.
2.3. Phytochemical screening
Classes of major compounds present in the extracts have been
detected by the following procedure: 10 μg of the extracts was
placed on the thin layer chromatography silica gel plates and
developed with appropriated mixtures of eluents. The spot
revelation was achieved with the appropriated spray-reagents,
prepared according to Wagner and Bladt (1996): Dragendorff
reagent for alkaloids, anisaldehyde–sulfuric acid reagent for
terpenoids, natural products–polyethylene glycol (NEU) reagent
for flavonoids and Fast Blue salt reagent for phenolic com-
pounds. Results were displayed semi-qualitatively in a range
between absence (−) and strongly present (+++).
2.4. Microbial strains
The antimicrobial activity of the extracts of H. sericeae
leaves and H. salicifolia leaves, twigs and seeds were screened
against a panel of Gram positive bacteria (Staphylococcus
aureus ATCC 6538, Staphylococcus epidermidis ATCC 12228
and Enterococcus faecalis ATCC 51299), Gram negative
bacteria (Salmonella typhimurium ATCC 13311, Klebsiella
pneumoniae ATCC 9997 and Pseudomonas aeruginosa ATCC
9027) and the alcohol–acid resistant bacillus Mycobacterium
smegmatis CIP 607. Candida albicans ATCC 10231 was used
as a model for antifungal activity. The antibacterial activity of
extracts against multiresistant bacteria, namely S. aureus
ATCC 43866 methicilin resistant (MRSA), S. aureus ATCC
700699 vancomycin resistant (VRSA) and S. aureus ATCC
106760 (MRSA and VRSA) was also assayed.
2.5. Antibacterial activity
Plant extracts were dissolved in dimethyl sulfoxide (DMSO)
to a final concentration of 2 mg/mL (for M. smegmatis) or
1 mg/mL (for other microorganisms).
The antimicrobial activity was performed by determination
of the minimum inhibitory concentration (MIC) with n=3.
MICs were determined by the microplate broth microdilution
method according to Clinical and Laboratory Standards
Institute recommendations (CLSI, 2008). Briefly, the DMSO
plant extract solutions were serial two-fold dilution in Mueller–
Hinton broth in order to obtain final concentration samples
ranging between 3.5–500 μg/mL. Each well was then inocu-
lated with microbial suspension at a final concentration of
104 cfu/mL. After incubation at 37 °C for 24 h, the inhibition
of microbial growth was evaluated by measuring the well
absorbance at 630 nm in an absorbance microplate reader (ELX808, Biotek). Appropriated antibiotics were used as positive
controls (amoxicillin, vancomycin, ofloxacin, ceftazidime, gen-
tamicin, nalidixic acid and ketoconazole). Endpoint values were
established according to Cos et al. (2006) and samples with a
MIC value≤100 μg/mL were considered to have antimicrobial
activity.3. Results and discussion
The results obtained for the phytochemical screening of the
twenty extracts are shown in Table 1. In all extracts ofH. sericeae
and H. salicifolia, phenolics and flavonoids were detected.
Smaller quantities of terpenes were present and the total absence
of alkaloids was noticed.
The antimicrobial activity of 35% of the extracts tested
(Table 2), exhibited inhibitory activity against S. aureus ATCC
6538. The most active were the extracts of H. salicifolia twigs
(methanol and water) and leaves (methanol), with a MIC of
30 μg/mL. The apolar extracts of H. salicifolia fruits (n-hexane
and dichloromethane) displayed less activity, with a MIC of
62 μg/mL. When we evaluated the effect of the active extracts
on the development of the S. aureus multiresistant strains, the
inhibition effect was maintained being the most promising of
the water twig extract, which displayed a MIC of 7.5 μg/mL
against the S. aureus MRSA/VRSA. The dichloromethane fruit
extract showed a MIC of 15 μg/mL against MRSA strain. The
same value was found for methanol leaf extract against VRSA
strain.
Table 2
Antimicrobial activity (MIC, mg/mL) of H. salicifolia and H. sericeae extracts.
MIC (μg/mL)
S. aureus S. epidermidis E. faecalis M. smegmatis C. albicans
Plant extracts
(% w/w)
MRSA VRSA MRSA/VRSA
ATCC 6538 ATCC 43866 ATCC 700699 ATCC 106760 ATCC 12228 ATCC 51299 CIP 607 ATCC 10231
H. salicifolia (leaves)
n-Hexane (0.6) 125.0 – – – 125.0 125.0 125.0 250.0
CH2Cl2 (1.9) 250.0 – – – 125.0 125.0 30.0 250.0
AcOEt (1.0) 250.0 – – – 125.0 125.0 125.0 125.0
MeOH (3.7) 30.0 62.00 15.0 62.0 125.0 125.0 125.0 125.0
H2O (5.0) 62.0 62.00 30.0 62.0 125.0 125.0 30.0 125.0
H. salicifolia (twigs)
n-hexane (0.9) 125.0 – – – 125.0 125.0 125.0 250.0
CH2Cl2 (1.2) 125.0 – – – 125.0 125.0 125.0 250.0
AcOEt (1.0) 125.0 – – – 125.0 125.0 125.0 250.0
MeOH (1.6) 30.0 30.0 30.0 62.0 125.0 125.0 125.0 62.0
H2O (1.8) 30.0 62.0 30.0 7.5 125.0 125.0 125.0 125.0
H. salicifolia (fruits)
n-hexane (0.1) 62.0 62.0 30.0 62.0 125.0 125.0 125.0 250.0
CH2Cl2 (0.5) 62.0 15.0 30.0 30.0 125.0 125.0 125.0 250.0
AcOEt (0.7) 125.0 – – – 125.0 125.0 125.0 250.0
MeOH (2.7) 125.0 – – – 125.0 125.0 125.0 250.0
H2O (3.6) 125.0 – – – 125.0 125.0 125.0 250.0
H. sericeae (leaves)
n-hexane (0.9) 125.0 – – – 125.0 125.0 250.0 250.0
CH2Cl2 (1.0) 125.0 – – – 125.0 125.0 250.0 250.0
AcOEt (2.7) 125.0 – – – 62.0 125.0 250.0 125.0
MeOH (1.8) 125.0 – – – 62.0 125.0 250.0 250.0
H2O (1.2) 62.0 125.0 125.0 62.0 250.0 125.0 125.0 125.0
K. pneumoniae, S. thyphimurium, P. aeruginosa, MICN100 μg/mL; MRSA — methicillin resistant Staphylococcus aureus; VRSA — vancomycin resistant
Staphylococcus aureus; (–) not tested.
42 AM. Madureira et al. / South African Journal of Botany 81 (2012) 40–43The H. salicifolia dichloromethane leaf extract inhibit the
M. smegmatis with a MIC of 30 μg/mL, while the twig methanol
extract displayed a moderate activity against C. albicans with a
MIC value of 62 μg/mL.
Considering H. sericeae extracts, less promising results were
obtained, being the ethyl acetate and the methanolic extracts
are the only ones able to show a moderate activity against
S. epidermidis with a MIC of 62 μg/mL.
All H. sericeae and H. salicifolia extracts had no activity
against Gram-negative bacteria. That can be explained by the
presence of an outer membrane, highly hydrophobic on the
Gram-negative bacteria, that acts as a permeability barrier
(Stavri et al., 2007).
The higher activity displayed by the H. salicifolia water twig
extract against the S. aureusmultiresistant strains (when compared
with the standard strain ATCC 6538)may be due to the targeting of
the extract to different bacteria resistance mechanisms pathways,
such as MDR efflux pumps, synergic/potentiating or additive
effects (Simoes et al., 2009).
4. Conclusion
These are preliminary studies and further experiments will be
necessary to assess the antimicrobial potential of these Hakea
species, but the presence of phenolics and flavonoids compounds
can be related with the antimicrobial activity observed, since
many of these compounds have been found to be responsible forseveral biological properties, including antimicrobial properties
(Chanwitheesuk et al., 2007; Saleem et al., 2010; Tapas et al.,
2008). This work presents also a new perspective on Hakea
species generally regarded only as invasive.
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